Introduction
The normal arc of motion of the elbow is from 0 to 145 degrees of flexion [1] .
A functional arc of elbow motion between 30 and 130 degrees is necessary to complete activities of daily living, but higher demand vocational and athletic activities may require broader arcs and should be addressed ac-cordingly on an individualized basis [2] . Consequently, a stiff elbow has been defined as an elbow with a reduction in extension greater than 30 degrees and/or a flexion less than 120 -130 degrees [3] . Morrey (1990) [4] classified elbow stiffness into 2 groups based on etiology and anatomic location of the pathology. Intrinsic contractures are characterized by intra-articular conditions such as degenerative osteophytes, osteochondritis dissecans, articular incongruity, loose and foreign bodies, intra-articular adhesions and synovitis. Extrinsic contractures are due to extraarticular conditions such as scarring of the capsule, collateral ligaments, musculature and skin.
Treatment of the stiff elbow begins with clinical evaluation of stiffness and identification of indications for surgical intervention [5] .
Nonsurgical modalities that may be effective in improving elbow motion include physical therapy, serial casting, splinting and manipulation [6] .
When conservative treatment fails to restore an acceptable range of motion, open techniques have been shown to be successful options [7] .
The early application of elbow arthroscopy for treatment of stiff elbow was limited to those patients with less severe contractures or to those requiring minimal osteophytic release to improve motion [8] - [10] .
With advances in the technique, arthroscopic management has supplanted open management of the stiff elbow as the operative treatment of choice in many cases. Much more extensive processes are currently treated arthroscopically, with outcomes and complication rates comparable with open releases [11] [12] .
The use of arthroscopy has become more popular for several reasons including better visualization of intraarticular structures, less tissue trauma and the ability to begin early postoperative motion [7] .
When performed in properly selected patients, both arthroscopic and open treatment of elbow stiffness can have satisfactory results [6] .
The aim of our study was to assess clinical outcomes following treatment of posttraumatic elbow stiffness using arthroscopic arthrolysis in a group of patients compared with open arthrolysis in another group.
Patients and Methods
Between September 2008 and September 2013, 3 cases of post-traumatic stiff elbow and were divided into two groups of patients according to the method of operative treatment. The patients were divided into two groups; the first group included 18 cases (11 males and 7 females) were treated by open arthrolysis. The second group included 15 cases (10 males and 5 females) were treated by arthroscopic arthrolysis. Selection of the method of treatment was based on the method of pseudo randomization i.e. one case treated by open technique and the next case will be treated by arthroscopic technique unless there is a contraindication or limitation for arthroscopic treatment such as cases with neglected fractures or dislocations of the elbow or the head of radius or cases with marked alteration of anatomy (e.g. radial head dislocation, unreduced radial head fractures, un-united fractures…etc.) as seen in the pre-operative X-ray or CT scan are treated only by open arthrolysis after correction of the altered anatomy. Previous ulnar nerve transposition anteriorly may require open exploration to assure safe medial portal placement.
Classification of Patients According to Initial Trauma

In the Open Group
6 olecranon fractures, 5 radial head fractures, 2 capitellum fracture, and 2 distal humeral extra-articular fractures and 3 intercondylar fractures.
In the Arthroscopic Group
4 olecranon fractures, 5 radial head fractures, 1 coronoid fracture, 2 capitellum fracture, 1 fracture of the medial epicondyle and 2 distal humeral fracture.
Pre-operative heterotopic ossifications were found in 4 cases in the open group and in 2 cases of the arthroscopic group.
In the open group, the age of the patients ranged between 9 and 47 years with an average age of 31.05 years, the time to operation ranged between 6 months and 24 months with an average of 11.44 months, the pre-operative Mayo clinic score ranged from 38 to 68 with an average of 63.38, and the pre-operative range of motion ranged from 38 to 68 degrees with an average of 51.11.
In the arthroscopic group, the age of the patients ranged between 17 and 50 years with an average age of 31.66 years, the time to operation ranged between 6 months and 22 months with an average of 11.2 months, the pre-operative Mayo clinic score ranged from 57 to 71 with an average of 62.93, and the pre-operative range of motion ranged from 40 to 70 degrees with an average of 59.46.
Inclusion Criteria
Cases with unilateral post-traumatic stiff elbow after a minimum period of conservative treatment for 6 months.
Exclusion Criteria
1) Non-traumatic causes of stiff elbow; 2) Traumatic causes associated with chronic inflammatory diseases as collagen diseases or active myositis; 3) Patients with burns; 4) Elbow instability; 5) Presence of hardware or metal implants; 6) Non-union of fractures.
Pre-Operative Preparation
All patients were preoperatively evaluated by X-ray elbow (AP, lateral, medial oblique and lateral oblique views) and if required CT scan in some cases (Table 1 and Figure 1 ).
Technique of Open Arthrolysis (Morrey 1990) [4]
Place the patient supine on the operating table with a sandbag under the ipsilateral shoulder. Drape the extremity free, and bring the forearm across the abdomen. Extend the Kocher approach by making an extensile skin incision (15 cm) proximally along the supracondylar ridge; continue it distally to the lateral epicondyle, ending over the subcutaneous border of the ulna. Proximally carry the dissection into the supracondylar ridge, with subperiosteal stripping anterior to the anterior aspect of the capsule. Distally, open the interval between the extensor carpi ulnaris and anconeus to expose the elbow joint. Place retractors deep to the extensor carpi radialis longus, brachioradialis, and brachialis. Reflect the anconeus subperiosteally off the ulna. Reflect the distal triceps off the posterior humerus and its tendon subperiosteally off the olecranon. Perform an anterior capsulectomy from lat- eral to medial. The lateral collateral ligament has to be reflected in a distally based flap to do this. If complete extension is not achieved, debride the olecranon fossa and the top of olecranon along with any enlargement of its margins. To improve flexion, perform a tenolysis of the triceps and a posterior capsulectomy. If flexion to 135 degrees is impossible, look for a source of anterior impingement. Remove scar tissue or heterotopic tissues in the coronoid fossa or a portion of the coronoid proximal to the brachialis insertion. Suture the lateral collateral ligament with non-absorbable sutures to its anatomical position, and carefully repair the entire lateral tissue sleeve. Apply a splint with the elbow in full extension.
Rehabilitation
A constant passive motion machine is used 12 hours a day for 1 week. After this first phase, active and passive range of motion exercises are done hourly, with the elbow splinted between exercise sessions and at night. Supervised physical therapy visits continue for 6 weeks, two or three times a week. At 6 weeks, daytime splinting is discontinued, although night splinting is continued for another 6 weeks.
Arthroscopic Technique [6]
Arthroscopy was done through the standard portals. The need for additional portals was decided intra-operatively. The sequence for arthroscopic management of the arthrofibrotic elbow is as follows: 
Postoperative Management
Initiate continuous passive motion in the recovery room set at the maximum operative motion achieved, and continue its use for 3 weeks. An aggressive stretching and strengthening program begins on the day of surgery coincides with this passive program, continuing daily for 3 weeks, and 3 times per week thereafter. Adjustable static splinting may be used after 3 weeks. If significant postoperative motion loss occurs, gentle manipulation under anesthesia to break up the early adhesions within the first 3 weeks. This subset of patients may be at increased risk for ulnar nerve dysfunction [6] . Prevention of hetrotopic ossification post-operatively was done in either technique by early motion, physical therapy and a post-operative course of NSAIDs for 4 weeks post-operatively.
Results
In the open group, the period of follow up ranged between 7 months and 39 months with an average period of 28.33 months.
Concerning the range of motion, for flexion-extension, there was an improvement from 82.3 pre-operatively to 123.4 degrees with an average of 103.94 degrees with a mean improvement of 41.1 degrees relative to the preoperative range (p < 0.001). For supination-pronation there was an improvement from an average 106 degrees pre-operatively to average 157.1 degrees at the final follow-up, with a mean improvement of 51.1 degrees relative to the preoperative range (p < 0.001). The VAS improved from 7 (average 6 -9) to 2.8 (average 2 -5).
According to Mayo clinic score [13] for elbow function, the score improved from 63.38 (range 58 -75) to 92.83 (range 80 -107). The DASH score improved from an average of 68.1 (range 62 -80) to 40.23 (range 40 -45).
There were 13 cases (72.22%) excellent, 4 cases (22.22%) good and 1 case (5.55%) with poor result. In the arthroscopic group, the period of follow up ranged between 7 months to 31 months with an average period of 22.73 months, the flexion-extension range of motion improved from 80 to 121.1 degrees with an average of 101.1 degrees with a mean improvement of 41 degrees relative to the preoperative range (p < 0.001).
For supination-pronation there was an improvement from an average 104.5 degrees pre-operatively to average 150.6 degrees at late follow up with a mean improvement of 46.1 degrees relative to the preoperative range (p < 0.001). The VAS improved from 7.5 (average 6 -9) to 3.6 (average 3 -6).
Post Figure 2 and Figure 3 ).
There were neither signs of elbow instability nor radiographic evidence of osteoarthritis progression at follow-up. Furthermore, no reported cases of post-operative heterotopic ossification at late follow up in either group.
Complications of Open Release:
1) Ulnar nerve palsy occurred in two cases one case resolved after 2 weeks and the other one resolved within 4 weeks; 2) One case had partial wound dehiscence; 3) One had seroma resolved by using antinflammatory drugs. None of these complications influenced the final result clinically.
Complications of Arthroscopy
1)
One postoperative superficial infection of the lateral portal occurred and was successfully treated with oral antibiotics; 2) Persistent drainage from the medial portal in one case for 2 weeks which resolved by repeated dressing; 3) 2 cases of Median nerve palsy (numbness and parathesia without motor weakness) reported self improvement after 3 weeks without any residues; 4) One case with transient ulnar nerve palsy resolved after 4 weeks. The reported complications did not affect the final outcome at the end of the study.
Statistical Analysis
The SPSS (version 11.5, SPSS Inc., Chicago, IL, USA) was used. Chi square test was used to compare the results between the two groups. The difference in the VAS was estimated using the Wilcoxon signed ranks test. 
Discussion
Stiffness of the elbow is not a rare event and it can frequently lead to significant functional impairment which may be challenging to treat [14] . The goal of treatment is to obtain a low level of pain with a sufficient range of motion [15] . Release of the stiff elbow can be done by open or arthroscopic approach [16] . The literature suggests a low complication rate following open elbow capsulotomy but this data does not seem to be confirmed after a more careful reading [7] .
Open elbow release with excision of tethers and blocks is a valuable procedure for post-traumatic stiffness. Recurrence in postoperative period is common but is responsive to manipulation under anesthesia and repeated releases [17] .
Open release is more effective when heterotopic ossification hindering motion is removed more than when there is capsular contracture alone [18] . In our series, the results of open release were comparable to those achieved by other authors regarding elbow function, patient satisfaction and pain relief.
For many years open capsular release had been the standard treatment for elbow contractures. More recently the use of arthroscopy has become more popular for several reasons including better visualization of intra-articular structures, less tissue trauma from open incisions, and potentially the ability to begin early postoperative motion [22] - [24] .
Limited skin incisions and soft tissue dissection not only decrease the risk of scarring, but also allow the patient to safely undertake an immediate aggressive postoperative physical therapy program. These measures reduce the recurrence of contracture in a joint well recognized for its propensity for stiffness [6] .
Arthroscopy allows the surgeon to address extrinsic capsular and collateral ligament contractures, as well as intrinsic joint pathology, with increased visualization, and therefore, a more comprehensive appreciation of the pathology [6] [25] .
However, arthroscopic capsular release is a technically demanding procedure that requires meticulous attention to details and should only be attempted by surgeons with extensive experience in elbow arthroscopy [26] .
Recognition of the proximity of the neurovascular structures is critical to minimizing complications, but expertise in elbow arthroscopy and meticulous surgical technique can produce excellent results [6] . Ball et al. (2002) [27] reported a retrospective series of 14 patients all affected by post-traumatic elbow contracture and were treated arthroscopically. The minimum follow up was of 1 year (12 -29 months). The mean arc of motion gain was of 41.5. At the last follow up the average pain level measured on a VAS was 3.25, the ASES functional ability score for the elbow improved in all patients, with an average score of 28.3 (25 -30) out of 30.
Cefo and Eygendaal (2011) [28] evaluated 27 patients at 3, 12, and 24 months after arthroscopic capsular release of posttraumatic stiff elbow. Before the arthroscopic procedure, the mean flexion was 123˚ (SD 8˚), extension was 24˚ (SD 9˚), and total ROM was 99˚ (SD 11˚), and after surgery, flexion improved significantly to 133˚ (SD 5˚), extension to 7˚ (SD 6˚), and total ROM to 125˚ (SD 10˚). The mean (SD) EFA showed improvement from 69 (SD 4) preoperatively to 91 (SD 4) postoperatively.
In the current series, the results of arthroscopic release match the results of other authors in terms of the range of motion, pain relief and patient satisfaction.
In comparing open and arthroscopic results for the treatment of elbow stiffness, it appears that both techniques can achieve satisfactory results when employed properly [25] . The gain in range of motion was 51˚, 40˚, 88˚, and 56˚ for groups 1 -4, respectively. The average percentage of complications was 23, 5, 73, and 58 for groups 1 -4, respectively. They concluded that current literature is not sufficient enough to draw firm statistically based conclusions.
In our study, there was no significant difference in the results of both groups at the end of the study. The reported complications for elbow arthroscopy include compartment syndrome, septic arthritis, superficial infection, persistent drainage from portal sites, and most frequently, nerve injuries (transient or permanent). Comparing complication rates between open and arthroscopic capsular release is difficult since there are no direct comparative studies in the literature [24] [30] .
In our study, the reported complications did not affect the results in either group at late follow-up.
Conclusion
Both open and arthroscopic treatments are effective in treatment of post-traumatic stiff elbow. Arthroscopic treatment is associated with less post-operative pain and morbidity. However, open treatment provides better range of motion, marked improvement of elbow function and more patient satisfaction. Open treatment is more suitable for patients with disturbed anatomy as it is safer and less technically demanding than arthroscopic method. The best results were obtained in younger patients who had operation within the first year after initial trauma.
Better outcome of open arthrolysis may be explained by more extensive release and the ability to slide down the tissues more than that achieved by the arthroscopic method. Poor results may be due to post-operative pain or late interference.
